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G eontryalies atmosotnere glass meltang facility has bheer desinpred
AV D st at Loecliyan. A oroovam has heen established o develop
& remaduacihie process for thne presaration of high purity,
riaoiioe rlasses 1n tihe buik forn, A dry-box ({10 ppm Hz0) has
been notal led. In acdition, & meiting furnace has been desigred
anmc buailt, Tne ulasses have been melted wnder a dry, inert
Aatmocnhera, esther Yutroosn Or arcgan. Hoth vitreous carbon and
Drativiam crucibles have b2en used. A black pnase has occurred n
ten 2f the frest twelve melts.  Scarming Electron Mioroscopy and
ety Digsoevsive X-Ray Soectroscopy, as well as remelting 1n
Li.lg have beevn wsed to 1centaity the blace phase. Ic has been
cetevmnec thnat watev and oxygen have leaked ivntao the meltirno
atmosonere and caused cation veductian. With improved furrnace
seais. tive clear melts nave resulted. The inert atmosphere
BOITEES WnLCh Nen beer: establisehed appears oromising, and shoudlc
e fuartoer developed.

» s " e A B e WL . O T . [T e ek ) [V W RO W Wi doms

.-




LDEMTL L

L.

e
Zou W
bo LY
=, L

5 .

- €aa

-

b

b

'@

,

\

)

|

|

Y

PR S, T PSP o N

- e .

Ral uliat ol 4" B e Sia e A sav. o o w f’?r:..,-’?:_ v

Intraduct ian

Procedure

Results

Corclusions anc
Recommendat 1ons

refererices

Pergsornrel

-
—

12
ey




Paaaaiiadh Dol 2 g Rl St aaadh Mg bal PRl ik b gl il )

LAST OF 1oLUBTRAYION

LGB Harce

Vacuam/ At mos shere ]
Servies Dr1-Laon

- Vacuun/Rtmnosonere 10
Dy~ Tiraxn

& vacuum/Atmoasohere I
Foistuwre Analyzer

4 Vacuum/Rtmosphere 1
. WL B A Ty
3 -
g o’ Schematic of the 1
"_ Meltivg muwwnace
C
€ ot ograonn of the Glass 13
- melting Furnace
7 SEM Micrograpn of a 14
Paolished ZBLAN Glass

Su-face Comtairning a
Black Phase

& SEM Micrograph of a 14
Fractured ZBLAN Glass
Surface Containing a
BLrack Pnase

- 7 X~-Ray Ernergy Spectra for i5

3 LGN Hlass Remelt #105

.- 1 Transmissicon Curve for 16

L@ JBLAN Glass Remelt #15

Ht Micronranh of AlE03 17

Lrystals, (&) Polarized
Light, 80Xj3; (bH) SEM, 4.3KX.

b

r. S Urioentified Crystal 18

b (a) Polarized Light, 40Xj;

b (b) SEM, 3100X

{ 111

@

b

L

Mo

b

@

. - - " . ) WLE
e e Tt e s . e UG S T AR SN T
PPN AT AT AT WY U V. W I WOW WO WL Wl VAT S VAR Sy S o i - b UL . W T




R Sl " Sk N sy w - T
ok N T T T T Y e ey yer—y ——
Bt At st Mt A e e

Ml A g b o oy o
R, A o o 2

13 Polarized Light Micragraphs 1
of Bubbles Fovming Stria-
ticm an Melt #1585, (a) 3aX;
() BOX
0 Micrograph of a Single L]

Bubhble Exposed by Surface N
Polishing of Melt #195,
(a) Paolarized Light, S0X;
(b) BEM Z40X

P"

b -

-

e

=

-

=

[ 1v

b

3

@

2

.

:'.

3

[

F -

} -




LAY L eSS

1]

Raw Materiais uUsed to
Srenare ZLULAM Glass

ZRIAEN Glass Melts Prions
ta fworoved Furmace Seals

ZBL.AN (Glass Melts Dare

witn the Improved Furnace
bHreals

*m - 0 .
A TR N T S R I W




@

R I R——— oy

c.U G RUDUG T LTUN

e greparatlion of high obtical cualivty bhulk -eavy Metal

torice Uhiasses (HMFL) reaquires the cevetopnigvt of a
conticlLied atmosphere glass melting fabrication facility.
'necse alasces mnst pe batched, melted and avnmealed in a dry,
sxvoen free envircoment. While batching and armealing are
Conmaority Cone 1n ary-hboxes, there are several apoproaches that
can ne takern to the problem of melting tnese plasses. The
anfyvarons fluorides can be fused dirvectly 1w oa dry, 1nert
atnoaonera, o thne raw materials can be melted 1n a reactive
acrosnhere such as CCLl4. Several ways to establish an i1rnert
rasohnere can be foundg in the literature. M., Polairn et al
rave merted finoride glasses wn sealed rnickel ocrucible C1-E
Finoaltermate metnod 1s ta melt wader a mirtronern or argoen
rLiow. Sl ne latter method has been used for Phase I of this
DUiect tor nmeiring 2ivconium based fluwrice glasses. it
snculd e menticrned tnat tne facility can be easily converted
T2 o rthe veactive atmosphere pDrocess.

i
-

!

Ine atmasonere contral 1s a coritical prablem in fluoride
niases preparation, as 1t 18 essential to avoild oxicde and OH
contaminatiorn of thne raw materials and of the melt. These
Lmdwtities lead to waesyrable mid—-1R absorotian, Fluor:des
react with water accord:ivg to the reaction:

Flaciides + Hz0 Oxyfluorides + HF

Inece COMIOUNGS can occur 1n the melt and are not soluble.
Hlipa concentyations of oxyfluorides iv the glass carn cause
oryvetallizat:ion, makiling 1t impossible to obtalrn a glass.s  1n
additron, oxide and OH corntamivatior can lead to the
tovrmation of black phases containing reduced catiornse 1w the

| e e
{_—1 AABD.

Thne glass caompbosition which nas beer prepared is ZBLAN:

S99, 84rF 414, aRaF -5, BlaF 3~ 3. BALF 320, ENaF

3

e v aw materials used are high purity fluorides, listed 1in

ravle 1. 'me 2w, has been sublimned to remove oxide, lead
AFG CarDor 1mMDuri tles, The melts vanged from 30 gms ta 140
Ul
1
G A VP U T O R I T S T




N e RN . T e -y RSN il - i~ = i e a i na - st - aditoe aten sass oo, ——

Batching has been dorne 1 a hermetically controllec guoave Dox
(1O PaM Hz0: to orevent nydrooysis of atmosoherio water,
fhe drey-box 1S a vacuum/atrmocohere Do Series, Diri-tan (Moded
N, L0050, with two campartments as showrn v Froure b,
tgrre & snows tae gas owirfication system (HF-493 Dei-Tracrd
ooy Far the diy Sbax, which 1ncluaces a molecular siteve ang an
Sxynen cetterer. The malsture level 1n the bax 13 manmitor-ed
Dy A AM o o atire Analyzer. The preéssure tn the Daox 1s
comtrol led by the PO-1 Pedat»ol, whicon 1s equinped with a
yhotanellc, a cambination oressure cauce and airfrerential
cirescsare switoh, rigure 3. Fivially the dry-box 1% equiooed
with a D%-31 Dri Kool for temperature comtrol within the bhox,
figure 4,

Tne plass melting furrace 1s attached to and accescsec Laraugn
the dry--oox, Faingure 5,6, It wvociludes a Watlow ceranac frper
neater, Botn dry wiitrogen and argon have seer used as the
rurviace atmosphere, the glass being melted unoer ) gas Fluow
or anproximately 4 LPH, Vitreous carborn and pl&ativiam
crucihies (H0ce and SO0 have been used together with
Jitirreouws and plativuam 1i1ds. The plass has beern healed to
Lowns for 1.3 howrs, to 85020 for 005 nours, and redoced to
€£o0w0 petore poaonraing. ine malds used are eirtnes the vitreous
Caviorn Cirucible 1tself o Drass and copper €labs.Final.lyv, the
nlass nas been armealed starting at 290%C for greater than 5
PG fmis 15 dovme 10 a Thermolyne Furnace (Mocel no.

Caun, . o which 1s located withlyr the ory-DOX.

Glass defernt araivsls has been cove using the IS5 L5400
SCaT 1NN electron micrascape, PGT Bystem 4 energy dispersaive

diduyvEeryanad tre fBAmerican Upticatl Mioro Star palarized 1agot
ML B Cape. Tte giass nas been tested for tranmnsmission usirg

a Peraaan-elmen 985 1nfrared spectrometer.

R R L )
. b ation Reg. ot Lo

Coe Tirst twelve melts of ZRLAN glass nave resualted 1n twn
cavar el ts o anc tern others whilon comtacn 4 bhilack phace.

VAar 1o, atmospheres, temperatires anc orucinle materials nave
Dessrr Lested. ot the orabien has nersistec. see Table 1.
Melt #H. oana #) are clear, althougn thels suoes

coarcesgand ta any of the varred parameters,

se (e v

[




R wEs DS anatysis of tne black phase does not shaow carbor
vaostrentral corntamination foom the orucaible) see ficuwre 7-3.
Pocrnecmore, v, Roabilnson has demonstrated that o f orne of
these samoles contalrnivg the black phase 1€ rvemelted wader
Glhoog For one nowe. 16 becomes guite clear and transpay ent. 7
e sungests that tne glass cations are neivg reduced duriog
the melting arocess. Tne olacw phase can be successtually
GardlTec, Too axannle IrF (4o Lix. P These vesults stronpy

suzrest trmat the mornace seals have leaked air (Op.Hzio) wr &

DT L O ATV .

Wit the use of o to 4 psl OVeroressure, and 1mproved anoer
A, dawe: muffie can seals, and push rod seal (i1.e. the use
oA vaouun grease on toe viton "U-yvangs, an rmpraved ol sh
ave tne push o rad surtace, and oroperly sizeag "U-rinos’ andd
1LANA%),, the melts are clear. The black phase has been
e..ninatea from the piass, see lable I11. Further
1mMoraovernents on tne oust rod swrface should elimiviate the
Sttt mray fint o which has occcurred in melt #105. With uee,
tne pusn cod suwrface becomes soratcoched causing a weakeviivg aof
the seai. i seppests that there 1s contact between Lhe
two miorel parts, o even abrasion from sublimed Zrfg.

Ded 2 lASS LV ANENLS5S 10

“ne (R transmission cuarve for Melt #1585 is shown in Figuare
LU, Foorroa gample thickrees of 518 cm. The i1nfrared
Azcaorotiove edoe beglins at S om. in addition there is a COz
ANE DL LGan Dang at 4.2 my and a water absorpltion band at
aduroxaimately .9 m, see figure 10b. There is a 2%

apz ot oy cue Lo water. Further analysis rneeds to be aone
to gesermive how mech of tnis absorotion 1s due to swrtface

aoenronsed oo Dl o water. iMis will pme gme 1n Phase 11 with

s a reasuit of too slow & guenching rate, cyrstallization hacs
SClneres an moot of the melts. Cubic AlF3 orystals, S omoan
Granete ~ bave been observed both with palarized light and

SEeV ALy @lectsoy mIcroascony, Figure 1. 05 amalysis of
e leed Diales Sn faves contalning orystals has vesulted an
LR pLeah pricat vt ot Utne crvystai. Mese ocrrystals form
Sl a At ped T nahiaat the apia SAMDles.




N sEcond woldentifled crystal tyoe has Deer Commoney  Liuer s e
10 o varaious meits. Figure 1.2 s$hows suen & (rystal sosecved 1

L

ety #e. fhe corvatal 1s about 20 m v Cramelen, a2nDeays
e devidritio under the oolarized light macroscope. (Faroguye

R ne S 1 analysis of these crystals firsl fowrd with
cotlcal miorascopy anpear to be clusters of olate ahaved

smal i

coystats., (Frowee LED) The individual crystai 15 L
tor £ED5 analysis.

Srrratilon can oe cauceo by oubblecs. Caguraes 13 and 14 whow

it e, lnbbiles are commonly found orn the interface belweerw
the Liass and the vitreous carborn cruacible. Thelr sawnoe 1o
O TN . It 15 iavz2ly thar apitation of trhe ocrucibie guritag

Lot Ay cause Jhnese bubbles to mave 1nto the wmelit.

Gl NG b GIND D BND . RECUMMENDRAT 1OND

LEonas beer gnown tnat with care thie fuarviace, wnion has Deedr
L UNEeG and Dul it fore Phase L, can be successtuliy wused Lo
mex b HINF 1y a dvy, 1vert atmosphere. Wit siioht

eI TICAT ORGSO the furnace, clear fluaorice olesses coan e
caccmsstally melted at SoecTram o a routine bHasls. Ty
ot Lo, areater care shouwla be taken duwrivig pouring and
creroning tao eliminate defects such as pubinles and orystass.

oot e Glaes Quality:
St onev e Goants v,
LT v Tl e sneal and auntmmate.

Srare reagunilabar.

. evvnEs o ltos andg getter togs melt frovnace and dryviuoo.
. T Py Farmace tooal taow nse of RGP,

Ly
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UGURE 12

fintdent 1ti1ed Crystal
ta) Polaryoed Light, 40X; (b)) SEM, 210o¥
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FIGURE 11

Micrograph of AlFy Crystals,
(a) Polarized Light, 80X; (b) SEM, 4.3KX.
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Transmission Curve for ZBLAN Glass Remelt #15.
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FIGURE 10b

Detail of ZBLAN Transmission Curve Showing the
water absorption band.
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FIGURE 7

SEM micrograph (BSE) of a polished ZBLAN glass
surface containing black particulates.
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FIGURE 8

SEM micrograph of a fractured ZBLAN glass
surface containing black particulates.
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Thermocoup

Lid Handle

Glove Box Bottom

Upper Baffle
Assembly

Y
I
Crucible —_— }i |
w 1
Platform —_— W‘,f~—4u

Lower Baffle
Assembly

Gas Inlet

Push Rod

le Lid Seal ("O-rings")
—_ |1
Lid Clamp
”~
Gas Outlet
—_— < aa E:i Upper Muffle Cap Seal

("O-ring")

iR
;:i; i \ —”/,,Watlow Heating Element

Lower Muffle Cup Seal
{*O-ring")

Push Rod Seal ("O-ring")

FIGURE 5

Furnace used to melt ZBLAN glass.
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FIGURE 3

Vacuum/Atmosphere Moisture Analyzer
({AM-2), and Pedetrol Panel (PC-1)
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FIGURE 4
I Vacuum/Atmosphere Dri-Kool (DK-31)
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FIGURE 2

Vacuum/Atmosphere HE-493 Dri Train
mounted on left end panel of Dri-Lab.
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Table 111

2BLAN Glass Melts done with the Improved Furnace Seals.

MELT ATMOSPHERE OVERPRESSURE MOLD RESULTS
13 N, 2.5PSI1 crucible Clear melt, crys-
tallized on quench-
ing.
(13 re- N, 2.5PS1 crucible Clear melt, gray
melt) glass with crystals,
14 N, 2.5PS1 crucible Lost 1id during

melt (reduction
occurred).

15 Ar 4 PSI crucible Clear, crystallized
on quenching.

(15 re- Ar 4 PSI brass mold Clear glass, with
melt) bubbles.
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TABLE 1I
Melt # Crucible Atmosphere Temperature Results
1 Vitreous UHP N, 810°C Clear Glass
Carbon V-25
2 Vitreous House N, 790 Black Particulates
Carbon V=25 in glass
3 Vitreous House N, 790 Black Particulate
Carbon V-10 in glass
4 Vitreous House N, 750 Black Particulates
Carbon V=10 and Crystals in glass
S Pt House N, 780 Incomplete Melt
6 Vitreous House N,
Carbon V-25 Oxyclear Getter 800 Black Particulates
in Gray Glass
8 Vitreous House N5
Carbon V=25 Oxyclear Getter 845 Black Particulates
1n Gray Glass
9 Vitreous Argon 850 Clear Glass, Crystals
Carben V=25 (30 min. soak) formed during annealing
MY JLTrecus Argon 850 Black Particulates
Zaroon V=25 (30 min. soak) in Gray Glass
L YLtreous UHP Nj 850 Black Particulates
Carbon V-25. (30 min. soak) in Gray Glass
- J1treous UHP Ny 850 Gray Glass, with

Carbon /-2S

(30 min. soak)

Crystals and Black
Particulates

bl bicion




Fluoride

TABLE

Puraty

T ———

1

Source

Zriy
(sublimed) *

BaF,

LaF3

99.5%

99.9%

99.9%

99.9%

99.9%

* Prepared at RPI {(Moynihan} and BAFB RADC (Suscavage) by heating
to 800°C and recondensing at 550°C.

Sassoon Metals &
Chemical, Inc.

Sassoon Metals &
Chemical, Inc.

E. M. Chemical
E. M. Chemical

Alfa Products
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FIGURE 13

Polarized Light Micrographs of Bubbles forming
Striation in melt #15
(a) 32X; (b) 80X
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Figure 14

M: ‘rograph of a Single Bubble pxpos.oid
Surface Polishing of Meolt sl

{a) Polarrzed Lignt, HuX; (b)) obM hoy
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the following personnel have contributed thear effrrte to tre
compietion of Phase I.

anta Bernl, Junior Research Engineer, 1% resoonslibie for toe
Flnorilce glass meltivg, and the fluorice olass labmrataory, o
gereral.

b

She served pvevicusly at Galileo Electro—0stice Coromratio~s
a5 oa Researcn tEngineer, until August 17984, HU that time, she
was 1nvolved 1n developing IR fiber ootics, usinng
cnalcogenioe olasses. Heyr contribution 1ncluded the aralvsis
ot aevitirification and other defects resultaing from the fioer
araw process., as well as fiber strength arnalystis, anc
retractive i1naex protiling.

Bertom e going to Galileo, she studied at Rulteoers. where she
recelved ner M8, an Ceramic Engineeraing avd Scilerce, 1in
1388, There she was concerrned with cevelapindg a cheoary G
descrine the surtface structuwre of pure G10g glass. Ehae also
ma Cone glass research on phogphate glasses, whicn 1nc.ucea
the folliawino publication:

2. Beni, W.R. Or7, "Effect of p on the Duwrability of
Llthuaim- 2Z1ve Phosphate Glasges!
Glass Techrnolooy, Vol 28, No 4, 19381,

tvrran Caprera, Sernior R&D Techrician, 15 currvently vivolved
1w the Hermetaic Coating Project. Hig responsiblillities

e lude: assisting (hn the construct ton, development, and
cneration of tne diamond lake carbon coating tower and
related eauwlpmenct.

tirs experience has i1ncluded tnhne desigrn of nigh puwrity pas
systems, hilgh temperature furrnaces 1n vacuum and pressure
eny arovment s. In additron, Pe has done word 1n caontilavy
mrocess development, and fiber drawing.

Heefore coming to HSaectran, he served 1n the Navy patheving
rntellligence. He operated both acoustic and nomacouslbio

tntellinerce gatnering equl pment asaard a patroal aivoratt,

sperating sueh egulpnent as Magnet o Aramas.y eltection

Systems, Soararv, Xadar, Electronics Counter Measures el oment .
avia TFF Transponding eculpment. He assisted 1n the

tevelopment of prototype Blectronic Counter Measure
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Milnard L. Mairs, Bralytical Engineer for Research and
Development, 15 responsible for materials amalysis for
SeVeIltal Cngulng Deojects. e has established and manages an
aralytica: laszmratory with SEM/EDS, BC and FTIR capavilities.

e nas held the position of Sernior Uptical Engirneer at
HoecTran and was resposible forr thne design, construction and
orcmyvammiva of thne guality control facility for the testing
of mouticalr fFiper cnaracteristics irncluding riumerical
apectare, atternuatlion and bandwidth.

M, MIVK nas atsa reld tne position of Sernior Ootical
Physic1ist at Galilleo Electro-(Optics Covrporaticn, where he was
resooncsible for developing ano refining optical fiber
measurement technigues. e also developed an 1ndex
glsoersion measuwrement capability which gernerated data oo
TinTioe glasses. Alsx while at Galileo, M-, Hirk
establisned and supervised an SEM/EDS facility. He was
resoansibnie Fovs comprsitilonal amalysis, fiber
coaracterization and wotical pronerties.

M. K12 18 & Ccoranthor of a paper on fluoride glass ertitled
"material Disversion of Fluorazirconate-Type Glasses', Aaol.
Oute.s Moi. S0, MNoo &1, n. 2668,

M. irk has a Bacnelore of Scievce Degres in Pnysics from
Wworcester Rolytechnic [nstitute. e 1s a member of the
Untical Society of America and of Sigma Pi1 Sigma.

rormar, Fevazzo, Senior Materials Tecnniciaw, 1s currentily a
corisultant at SoecTrarn, He 1 oresently campleting a M. O,
Mrougram v Materials Engineering at Rernnselaer Polytechrac
Irstitute. A ores1dent of Schenectaody NY, he earned an
fesociates Denpree 1n Enpineerinig Scirevce from Broome
Commuriity College after a four year enlistment in the U.S.
NAVY. Followivig compietion of a B.5S. deuree at R.P.I., he
pegar M1s tnes1s work an the electrical conductivity ivn HNFG
uder L., moyrnlhan, 1n May 1983. His wirk since then has
incladed installatiorn of arn enclosed atmosphere system, and
tmplementation of fluorice olass production.
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CGLET L. Lonnltr, Yies Yresioent of Resgarch ang Develooment,
wil.e D8 the I incional nvestiigatoer., He has beern actively

v tved 1n frer optaes materials ard process research since
SO ant 1n colnventar of the basic patents an dopaing fused
Liatea Pruers anc vapor geposition Drocesses. e was part of
the orlrindal research team thar fanricated the wiotrldl’s first

ey onzes ngbicar tuikee oy L3770,

o o aoimanag the SoecTreen Corporation, Dr. Schultz was
racagen  ofF mMateria.s Research at Corming Glass Warks,
Coendinvt,  New Yaork, In tnis camacity., he led a proup of €0

LRCTAICR T PErSOnTIE. and was respoansible for all uwlass
rengaran activities i1n tine coapany, rncluding new aptical
watve T lee matevial s,

Ivrivig nls 17 vears at Corviing, Dr. Schults’s personal
codearo tnvalveo consitoerable exanloration of doped fused
casnes for aumerous anplilicatioms including optical wave
LS, i Sapu1cs, seniconductor aracessing,  arnd space

WL, e condncted a detailled study of the effect of

oo uon elemenle on optical transmissions of fused silica
Jeo W as a gommyvenensive investicration of the effect of
oyer s 0 Lra Fapes composition on yadiation Fresponsae. The

Pt bt vty Was 1n cooneration wits NRL persarmel and
e en sach goparnts as Ge, R, B, Ta, Ai, 8h, and —-0OH. He
Coonaantrened aver 18 research paoers and holds 24 US
Mo, wrlncinadaity o the fireld of optical waveguwide
LAt Ll anc Fabvieat tan.

Soo s achnievenents, Dr, Sohultz was awarded the first Wey)
et lornal wlass Sclence Qward (1977), the GPIE Technalony
e EeneEnt Award (19810, an IR-100 Invertion of the Yeanr
Lo . wat caserava Materials Achrevement Award of the
Lo amiety T vetals (1383). He is a Fellow af the

PO Ao e amt o Loeietv.

et e ae Uontranin an 1967, he recelved his BS (1364) and
L G377y eom Rotcers University wn Ceramreoe Scaience,

Lo st en oualicationeg and paterts fallow:

e

St . oL o wenit s,y UMagretio and Semiconducting
L Clans -leramics an the P30-Fezlz—510z Hvstem'. Pub. 1
. coeany s 2F thne International Commission on Glass

bl mrn. . Hent, 10020 Tororto, Canada.
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MISSION
of

Rome Air Development Center

RADC plans and executes reseanch, development, test and
selected acquisition programs 4in Auppofbt 0§ Command, Contrcl
Communications and Intefligence (C31) activities. Technical
and engineerning Aduppont within areas of technical competence
s provided %o ESD Program Ofgices (POs) and othen ESD
elements. Tne principal technical mission areas anre
communleations, electromagnetic gudidance and contrnol, sun-
vellance of ground and aerospace objects, intelligence data
collection and handling, nformation system technology,
solid state sciences, electromagnetics and electronic
reliabllity, maintainability and compatibility.
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